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transmembrane protein with a small N-terminal intracellular region, a single membrane-spanning hydrophobic region, and a large C-terminal extracellular region containing a glycosylation signal. We demonstrate that TIG1 is also upregulated by AGN 190168 in skin raft cultures prepared from psoriatic fibroblasts and normal keratinocytes and in primary fibroblast and keratinocyte cultures. We also show that TIGl is upregulated by retinoic acid receptor but not by retinoid X receptor-specific synthetic retinoids. Finally, we demonstrate that TIGl is induced by AGN 190168 in psoriatic lesions during the course of clinical treatment of the disease. Kcy IVOl,ds: l'ctilloids/ RAR/psOl'iasis/sllbtl'activc "jlbridiz atioll. ] Invcst D CI 'matol 106:269-274, 1996 und er certain conditio ns dominates the enh an cer action of its retinoi c ac id response elem ent. T lus notion is further stren gth ened by th e observation that CKAB P If is overexpressed in psoria sis (Didielj ea n el ai, 1991), a di scase th at re ponds to retinoid treatment. T herefore, CRABP II do es no t appea r to be an efficacy m arke r of retinoid action in diseased skin, and it m ay possibl y contribute to the pathogen esis of psoriasis by seq uestering RA in the cytoplasm . In order to und ersta nd th e m echanjsm of reti n o id acti o n in di seased skin, we system atica ll y looked for th e gen es indu ced by a novel .RAK,B/),-selective re tinoid , AGN 1901.68 (taza rotene) (Nagpal el fll , 1995) , which is topically effective for the treatment of psoriasis (Esgleyes-Ribot e/ ai, 1994) . By sub tr active hybridiza tion in 3-dimensional cul tures of skin (skin rafts) , we h ave identified a n ovel RAR.-respo n sive ge ne, tazarotene-induced gene 1 (TIG1), w hk h is induced, in vario us 2and 3-dimensio n al cul tures of skin cell s, in a retinoid-de penden t m ann er. We also demonstnlte th at T JG 1 is indu ced by th e re tinoid AGN 190168 in psoriatic les ions, w h ere retinoids exert th eir th erape u tic action. T hu s, T IGl is a tru e retino id-responsive ge n e and appea rs to b e a marker of retinoid th erape utic action in skin .
MATEIU ALS AND METHODS
Skin Raft Cultures N o rm al skin raft cultures (Model ZK 1300, Adva nced Tissue Sciences, CAl are 3-dim e nsi o n al hllman skin tissues that have dermal . epiderm al, and corneal laye rs. T h ese skin rafts were made by th e l11a nu f;,cturer by sceding neonatal fibrobla sts (poo led from 10 don o rs) o nto a n ylo l1 nl csh \vhich gave rise to a dcrl11al tiss u e. Kcrati n ocytcs seeded o n top of the derma l tissue d ifferentiated into an epidermi s consistin g of 1l1ultilaycrcd stratunl corn e UITI. ba sa l. spino us! and gra nular layers. 
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Subtractive Hybridization Ski n raft cultures (Adv an ced T iss ue Sciences) were kept overn ight in seru m-fi'ee maintenan ce medium (Adva nced Tissue Sciences) and either mock-treated or treated with AGN 1 <)0168 (1 fLM) on da y 1 and 3, and harvested on day 4 by directly immersing them in guan idin e thiocya nate so luti on for total RNA preparation. eDNA prepared from AGN 190168 -treated skin raft culture s was direcLiona lly cloned into Sa l I-N ot I sites of pSPORT -I (Life Techn ologies In c.) and sin gle-stranded DNA (ss DNA) was prepared fi'om 10" transformants with the help of M 131(07 (> I X 10" pfu/m l, life Techno logies In c.) (Li et nl. 1994) . Another directiona l cDNA li brary wa s constructed in Sa Il -Not I sites of pSPOR T -2 (Life Technologies In c.) usin g cDNA from m ock-treated skin raft cultures, linearized with SaIl and ill "iim tran scribed in the presence of biotin-14-CTP as described (li "I ,Ii, 1994). pSPO ltT-' 1 ss DNA was blocked with a Not I-o ligo prim er 5' -GCGGCCGCCCT 15-3' by in cubatin g at 70· C for 20 min with 600 fLM dTTP 'lIld Tag DNA polymerase. Poly dA-blocked ss DNA (600 ng) w as hyhridized with biotinylnted RNA (80 fLg) in 2 X hybridi zatio n bulier (80')1" fo nnamide. 100 111M N-2-hydroxyeth ylpipcrazin e-N' -2-ethanesulfonic acid , pH 7.5, 2 mM ethylenediamine tetraa ce tic acid, and 0.2% sodium dodeC)'1 sulfate) for 24 h at 42°C with shakin g (200 rpm). The contro l expe riment conta ined all the components except biotin ylatcd RNA. After hybridiz,ltion , slTeptavidin (25 fLgl was added and the mi xture was in cuba ted at room temperature (5 min). Co mill on ssDNA-RNA sequ en ces were re moved b y phenol/chl orofo rm ex traction (five times) . unhybridized ssDNA was pn:cipit"ted and clectroporated into DH 12S (life Techn o logies In c.) cells.
Retinoids All tran s-retinoic acid waS purchased commercially (Sigma Che l1lical Co .. St. Louis, MO). AGN 1901 68 (tazarotene), AGN 190299 (6-[2-(4,4-dime th ylthiochroman-6-yl)] ni co tinic acid) . AGN 19012 1 (1£)-4-[ 4-(2,6,6-tri methy l-l-cyclo l",xenc-l-yl)-3-buten-l -yn yI] benzoic acid), AGN 191 183 (TTNPB; 6, 7, 5, 8 .8-tetramethyl-2naphtllalenyl)-2-propenyl]bcnzoic acid), SR 11 2 17 (4- [I -(5,6,7,8-tetrahydro-5,5.8,8-tetramethyl-2-n Southern Hybridization For So uthern hybridiza tion , Sa l I-Not I-digested cDNA clones were electroph o resed in duplicate . transferred to nytran , ;lIld probed w ith Inbe led total e DNA from e ith e r mock-tJ:eated or AGN 1901G8-treated skin rafts. Probes were hybridi zed ove rnight (42°C) and the membranes were wa shed (0.1 X SSPE/ l % sod ium dodecyl sulfate) at 65°C for 45 min.
Northern Hybridization For northern hybridi zation . tota l ItNA (10 l..I.g) was e lectrop horesed on 1 % aga rose-'I . I M formaldehyde gels. transfe rred to nytra" and probed with Inbcl cd eDNA probes at 42°C forI 8 h . Tbe most stringent wa sh was at 65°C in 0.1 X SS PE/ l % sodium dodecyl su lf.,te for 30 min.
Preparation of Psoriatic Skin Raft Cultures Human cul tured pso riatic fibrob la sts (200 .000 ce ll s) obtained fi'om pSOliatic le sional punch bi opsies were mixed with type I co llage n (3.5 mg/ ml , Co ll aborative Bioche mi cals Produ cts. Bedford, MA) , neutrali zed with NaOH ('I N) and plated in 24-wc ll plntes. Human prim"r)' fore skin keratinocytes (500.000 ce ll s/well ) were la yered aftcr 24 h o n top of the coll<l gen laye r. The collagen gels containin g fibroblasts and kcratinocytes were rai sed to tbe il ir-liquid interf'lce after 24 h as desclibed (Be ll ('/ nl. 1 <)79) . Itafts were maintained ill FAD mediulll supplemented with fetal bovine serull1 (1 U'Y.) , h ydrocortisone (400 ng/ml) , cholera tox i.n CI a-III M, Sigma), ep idermal growth fa ctor (10 ng/I11I), fi.lI1giba ct (1%), adenine (0.0 89 111M). and in sulin (0.105 IU/m l), as described (Duvi e ('/ nl, 1994) . grown fo r 10 da ys <lnd used for experiments on day 11. Psoriatic rafts were kept overnight (day 0) in sefllm-frcc medium, trea ted with rctilloids on day 1 and day 3 ('l fLM eac h) and harv ested o n da y 4 by fIxing in paraformaldeh yde (4 ' 1.,).
PCR Amplification of TIGl in Cultured Keratinocytes For the iso latio n of ke ratinoeytcs. fresh human foreskins were washed in ethanol (70%) for lO s fo ll owed b y two was h ings in keratinocyte growth medium (Clonerics) . Foreskins were cut in to small pieces (4-111111 diameter). in cubated with tryp sin (0.05 %. Life Techn o logies. Inc. ) for 24 h at 4 · C . ce ntrifuged (1000 rpm) for 6 min , filtered th rough a nylon mesh membrane, and cultured in kerarinocyte growth med ium contaillin g 10% fetal bovi ll e se rum. Th e media was repla ced after 3 da ys with keratinocyte growth ITI cd iuI11 \>vith o ut fe tal bovine sc nlln~ and kcratinocytcs were 111aintaincd in serum-free m ed ia and treated with AGN 190 168 (1 fLM) after three pa ssages fo r 24 h. Total RNA was iso lated Ii'o m AGN 190 16B-trmlted and m ocktreated cultures by guanidin e th iocyanate (Prom ega) method, reverse transcribed lI sin g o ligo(dT) and po lyme rase chain rcaction (PCIt)-amp li ficd usin g T IG I alld glyce raldehyd c-3-phosphatt: dehydrogenase (GAPDH) THE JOURNAL OF I NVESTI GA T I VE DERMATOLOGY (intern al control, C lo ntec h) prime rs. T IG1 message was amplified using oligo pairs 5'-TCAGGTTTTTCTTACCCACTG-3' and 5 ' -ACCTGCll-TACAAGCAAATGA-3'. PCR produ cts ( 10 fLI) were removed aftcr every three PCR cycles starting fi'om 12 to 36 cycles as shown in Figs 3A and B . The PC R prod ucts were e lectrop horesed 0 11 agarose gel (2%) and viewed 0 11 a ultra vio let transi llul11i nator after ethediul11 bromide sta illing. III Situ Hybridization III S;III h ybridizatio n was performed on paraffu,embedded paratorma lde hyde-fixed sections using Genius kit (BocriJlger Mannheim , In dianapo lis. IN ). Proteinase K (2.5 fLg/m l) digestion was carried on for 3U min and h ybridization w ith digoxigenin label cd anti-sellse probe (0.4 ng/ ml) was performed at 44 · C. Nonspecific bindin g was blocked w ith normal sheep serum (2%), and spec ifi c binding was detected by incubation (3 h) with alkaline phosphatase conjugated anti-digoxigcnin antibody followed by 4-h incubation with nitrobluc tetrazolilll11 substrate at 37°C. Sense probes were used in para ll el as negative co ntrol S and showed n o b<lckground staining.
RESULTS
Identification of a Novel Retinoid-Responsive Gene, TIG1 , by Subtraction Hybridizatioll AGN 190168, an RAR{3/'yselective r etinoid, is efFe c tive ill the tl:eatmcnt of p so l-ias is (Esgl eyes-R.ibot cf ai, ' J 994), " hyp erp rolifenltive and inflammatory skin di sease. Usin g a subtra ctio n hybridiza tion procedure (Li et ai , 1994) fOl' th e isol ation of AGN 190168-i ndu ced genes in 3 -dime nsional skin raft cu ltures , we have identified a cDNA sequence which was upregulated b y retinoid treatm e nt. Southern ana lys is of the subtracted cDNA clones sh owed t h e upregulation of#B27 and #B1 6 in n ytra n blots probed with labeled total cD NA from AG 1 1901 68 -treated c ul tures co mpared with the control where eDNA fr'om mock-treated raft c ultures was u sed ( Fig 1A) . The upregulation of#B27 and #B16 was furth e r co nftrmed by Northern analysis of tota l RNA from mo ck-treated and AGN 190168-treated skin raft cu ltures and 32P_Iabeled #B27 a nd #B 16 cDNAs (Fig 1 C,D) .
The blot was probed w ith labeled GAPDH cD NA to ens ure that equa l quantity of control and retin oid-treated RNA was used in the Northern ana lys is ( Fig 1B) . Upon sequencin g, #B27 and #816 were found to be identica l and h e reafter w ill be referred to as TIGl. T IG 1 was 862 bp in le ngth , contained an open reading frame from 37 to 723 bp and coded for a putative prote in product of228 ammo acids (Fig 2A) . It h a d a pol y A signal (5'-AATAAA-3') at the 826-bp position (Fig 2A) . Homology searc h es fi'om DNA (Gen-Bank and EMBL) a nd protein (Swiss-Prot) databascs did not show any id e ntity to known DNA and protein seq u e nces, thus indicating TIGl to be a new cDNA seq uen ce . The putative protein sequence ofTIG1 contained a hydrophobi c stretch of 19 amino ac ids (amino ac ids 24 to 45) and a g lycosy lation signa l (NVT, amino acids 142 to 144) seq uen ce a nd a h ya luronic a c id bind in g motif (KCSAR VFFK am in o ac ids 125 to 133) (Fig 2A,B) . T h erefore . T IG1 appears to code for a transmembrane protei n w ith a long ex tra ce llul ar domain of194 amino ac ids, a membrane-spanning region of 19 amino acids and a s mall intra cellular regi o n of 15 ami n o acids. The hydropathi c proft le of TI.G I rese mbles that of CD38 Oackson and Bell , 1990). a nother reti noid-respon sive gene prese nt in immune cell s (Malavasi cf ai, 1994) . CD38 a lso ha s a sma ll intracellul ar domain (21 amino a c ids), a single transmembrane region and a long extracellular r egion Ua ck so n a nd B e ll , 1990) . T hu s, T I Gl might b e structurally related and ana logous in function to CD38 since both are retinoid respo n siv e and disp la y h omology in t h e ir h yd ropathi c profiles. T IG1 was a lso uprcgul ated by AGN 190 '168 in primary cu ltured k eratin o cy tes ( Fig 3A) and d e rmal fibroblasts (Fig 3e) . GAPDH co ntrol s for RNA s are shown in Fig 3B and D for keratinocytes and fibroblasts , respectively. T IG1 was a lso indu ced by a ll -trans retinoi e acid in derma l fibroblasts (Fig 3 C) and skin raft c ultures (data not sh own) , thus d e monstrating it to be a classical r e tinoidres pon sive gene .
TIG1 Is an RAR but Not an RXR Agonist-Responsive Gene AGN 190168, 190121 , and 191183 (TTNPB) activated gene exprcssion on ly thro u gh RAR.s and not thro u g h RXRs (Nagpal el ai, 1995) . In co ntrast, SR 11217 and 11237 activated gene expression through RXRs (Le hm ann ci ai, 1992) and not through RARs I~cgi o n s of the protein greater than + 0.50 "rc predi cted to be membrane embedded (MacD N AS IS). T IG1 sequ ence w"s obtain ed by doublcstranded DNA sequencing of ci ones B27 and B 16 (Fig lA) by an automated D N A seq uencer (S equetech , CA l · TIGl Is Upregnlated in Psoriatic Rafts in a Retilloid-Dependent Manner Pso ri a ti c fibrobla sts have bee n sh ow n to induce h yp e rprolife ratio ll of norma l k e ratinocy tes (Saiag e/ aI, 1985) . Pso riatic skin raft c ultures prepare d fi'om psoriatic le siona l fibrob lasts and n o rma l keratin ocytes were eith er m ock-tr eated or treated w ith AGN 1901 68 o r its acid fi 'om AGN 190299 (6-[2-(4,4- dimeth ylthio chrom an-6-yl)] ni co tini c ac id). Nor th ern anal ysis o f con tro l an d treated RNA s revea led the in du ctio n ofTJG1 b y bo th AGN 190168 and AGN 1 90299 ( Fig 3E) in comp ariso n with GAPDH (Fig 3r) . We furth e r d e m o n str ate d th e re tin o id m e diate d u preg ulatio n ofTIG '1 in p so ri atic rafts b y ill sitll h yb ridizatio n u sin g digoxige nin-Iab e le d T IG I anti-sen se RNA. In m ock-treated p so riatic rafts, T IG l was ex pressed only in the sup rab asa l layers of th e e pide rmi s (Fig 4B) . T reatm e n t of ra fts w ith AG N 190168 ( Fig 4C) o r AGN 1 90299 ( Fig 4D) indu ced the ex pressio n ofTIG 1 in all th e Figure 3 . TIGl is induced by rctinoids in primary keratinocytes, dermal fibroblasts, and psoriatic skin raft cultures. A,B) RN A from mock-treated (CONTROL) and AGN 190168-treated keratinocytes was reverse transcribed and PCR amplifi ed using T IGI (A) and CAPDH (B) (CIontech) oligo primers. C,D) Total RNA (10 IJ..g) from mock-treated (CON-TROL), AGN 190 168-or RA (1 IJ..M each for 24 h)-treated primary fo reski n dermal fibroblasts was subj ected to Northern hybridization . TIGl (C) and GAPDH (D) sequ ences were detected with 32 P_Iabeled eD NA probes prepared by ra ndo m priming. Hyb lidized blots were exposed fo r 36 h. E,F) AG N 190168 and 190299 indu ce T IGl in skin raft cul tures prepared from psoriatic fibroblasts ,md normal keratinocytes. Total RNA (10 IJ..g) from mocktreated (CONTROL). or AGN 190168-or AGN 190299 -treated psoriatic raft cultures was subj ected to Northern hybridization. Psoriatic skin rafts were treated with retinoids (1 IJ..M each) on day 1 and day 3 and harvested 011 day 4. T IC I (E) and GAPDH (F) seq uences were detected in tota l IW A obtain ed frol11 co ntrol or retinoid-treated pso riatic skin rafts with labcJ ed cDNA probes and the hybridization blots were exposed for 36 h. C) RXR-specific co mp ounds do not induce T IGl expression. Total RNA (10 IJ..g) from mock-trea ted and retinoid-treated (24 h treatment with 1 IJ..M retinoid) keratinocytes was subjected to Northern hybridization. TICI and GAPD H seq uences were detected with labeled cDNA probes.
A TlCI la yers of e pide rmi s, thus further confirmin g the results obtained with N o rtb ern hybridi zation ( Fig 3E» . T reatment of raft sections with lab e led sen se T IGI RNA did n ot sh ow any staining ( Fig 4A) .
Topical Tazarotene (AGN 190168) Induces TIG1 Expression in Psoriatic Lesional Biopsies In o rd er to de mon strate the induction of T IGI in psoriatic patients after AGN 190168 treatm ent, patients (n = 20) with long-sta ndin g bilateral plaque p sori asis were treated twice daily with AGN 190168 (0.1% gel) in a clinical study for up to 8 weeks. Skin punc h bio psi es we re taken on day 0 (before the start of treatment), d ay 3 (after 3 d of application of AGN 190168), and d ay 14 (afte r 2 wk of treatment with AGN 1901 68) . [II silll hy bridization u sin g digox ige nin-Iab e led TIG1 antise n se RNA show e d little staining for T IGI mRNA in 110nlesio n al psoriatic skin ( Fig 4F) as well as in da y 3 mock-trea ted lesio n al skin ( Fig 4G) . In contrast, T IG1 was readily observed e ither at day 3 o r 14 in AGN 190168-treated psoriatic lesio n s. A typical ill sitll demonstrating induction ofTIGl in a d ay 3 biopsy is shown ( Fig 4H) . Treatm e nt of psoriati c les ion section with sense digoxigenin-Iabeled TIG1 RN A probe did not sh ow any staining ( Fig 4E) . T IGl upregulati o n in p sori atic lesio n s was also confirm e d b y reverse transcriptase PCR in p oole d b iopsies from resp o nd e rs (n = 16) a fte r 2 wk of treatmen t with AG N 190168 (d ata n ot sh own). T hu s, the upregulation of T IG 1 by AGN 1901 68 is o b served not o nly in 2-and 3-dimensional c ultures of k era tino cytes and fibroblasts but also in the epide rmis of psori atic p atients treated with AGN 190168. Although TIGl is induced by AGN 190168 in cultured primm)' fibroblasts ( Fig 3C,D) , it is expressed in p soriati c lesional ski n after AGN 190168 treatment mainly in e pidermal ke ratinocytes and not significantly in d ermal fibroblasts ( Fig  4G,H) . Altematively, the la ck of induction of T IG 1 in d ermal fibro blasts ill "i"o co uld be du e to the inefficient pe n etration of th e topicall y applied retinoid.
DISCUSSION
In this article, we d esc rib e the identification of a n ew retinoidresponsive ge n e, T IG1 , b y a subtra ctio n h ybridization approach to (Figs 1, 3, 4) . We a lso demonstrate that T IG 1 is n ot significantl y d etected in Il o nl esional or lesional psoriatic skin (Fig 4F, G) , it is signifi cantly induced durin g the clinica l treatment of psoriasis b y AGN 190168 ( Fig 4H) , su ggesting that it might playa role in the anti-psoriatic m echanism of action of retinoids. F urth e r, TTGl is n ot induced by RXR-specific retinoids, whereas it is induced b y all the RARspecific retinoids tested (Fig 3 G) , although human k eratinocytes co ntain both RARs and R X R s (Fisher el a/, 1994) . Tlus observation is in co n cord an ce with other o bservatio ns that RXR-specific co mpounds are sil e nt in ski n and other sys tem s with resp ect to a variety of bio log ical effects. These e ffects include resolution of utric uli and tran sepide rmal water loss in rluno mouse skin (G enclim e nico e/ a/, 1994), inhibition of 12-0-tetradecanoyl-phorbol-13acetate-induced omitlune d eca rboxylase activ ity in hairl ess mouse ski n (our unpubli sh e d data) , d ownregulati o n of migratio n inhibitory f. which may be a m olecular marker of retinoid therapeutic efficacy and hence useful in the systematic development of retinoids for skin diseases such as psoriasis. In contrast, although CR.ABP II has been suggested as an inducible marker of retinoid actio n in normal skin (Elder el ill, 1993) , it is expressed at high levels in psoriatic skin (Didierjean et ai, 1991) and it is downregulated by RA in submerged keratinocyte cultures (Elder and Cromie, 1993) . It is interesting to consider the potential functions ofTlG1 and its role in RAl:t-mediated biology. Since it appears to be a transmembrane protein and contains a putative hyaluronic acid binding motif, it might function as a cell adhesion molecule whose expression on the cell surface might lead to better cell-cell contact and reduced proliferation . Another important phenotype of psoriasis is the presence of inAammatory cell infiltrate in the epideremis and dermis. How TIGl might inhibit the inAammatory component associated with psoriasis, is presently un known and the exact answer must await more understandin g of the biology associated with T IG1. It is particularly interesting to consider the similarity that ell."ists in the hydropathic profiles of TIG1 and CD 38 in spite of the lack of h omology at the nucleotide and amin o acid levels. CD 38, w hi ch is acutely upregul ated by rcti no ids in immune celi s, has been shown to h ave cyclic ADP-ribosyl (cADPR) cyclase , cADPR hydrolase, and N AD + glycohydro lase activities . Further, CD 38 binds ill IJilro to hya luro ni c acid and like TIG1 contains a hyaluronic acid binding motif in its large extracellular domain (Nisluna et ai, 1994) and has been implicated in cell-cell ad hesion fun ctions (Malavasi el ai, 1.994). Th us, molecules such as T IGl and CD 38 might play some general but not as yet well-understood rol es in RAR biology in a cell-specific manner. The importance of TIGl in RAR-mediated physiological functions and in the therapeutic efficacy of retinoids in responsive diseases such as psoriasis would be clea r only after elucidatio n of the exact function ofTIG 1. Finall y, it should be noted that in spite of the gen eral understanding that has prevailed since the discovery of the re tinoid nuclear receptors that retinoids are gene regulatory molecules, TIGl is the first novel gene to be identified specifically beca use of its retinoid responsiveness.
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